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1. Introduction:

The fg£f£~$ﬂgluenf9§ on the geomegnetic field can be dividea
into two classes: (i)  corpuscular radiation and (1i) electromagnetic
_radiation in ultra-violet and X-ray regions. Major magnetic effects
produced by these solar agencies are sunmarized in Taeble 1.

This resource paper concerns oﬁly'wi;h th f:nteraction of solar
corpuscular rediation with the geomagnetic field In this paper it
is not intended to give a complaste revie;_SE the subject, but rather only
highlights in several seleéted topics are discussed. No sgttempt is made
to give exhaustive reference to relevant papers.

2. Solar Wind:

The existence.of steady solar wind has been well established by
the plassa experiments by Explorer 10 (Bonetti et al., 1963), Mariner 2
(Neugebauer and Snyder, 1962; Sanyder, Neugebauer and Rao, 1963), and more
recently by IMP-I1 (Bridge et al., 1964; Wolfe'and Silva, 1964).

Accordiqg to Snyder et al. (1963) the Mariner 2 plasma measure-
ment showed that daily mean velocity of solar wind is highly correlated with
the daily sum of Kp index. The correlation between plasma velocity and Kp
was still high when averaged over intervals shorter than one day, for
instance, over 6 hours. No increased vari:abi’l'i,cy was observed in plasua
velocity when the velocity was high. Snyder et al. thus concluded that
within the time resolution attainable with their instrument Kp is a measure

of plasma velocity. Earlier, Dessler (1962) and Dessler and Fejer (1963)

suggested, from a consideration of the stable nature of the magnetospheric

boundary, that Kp might represent the time rate of change of plasma (plus

magnetic) pressure.
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‘A preliminary study made by Snyder et al. (1963) indicates that
the density, flux, kinetic pressure or temperature of the plasma did not
have as good a correlation with Kp as the plasms velocity.

By a least square method they derived a linear equation relating
the plasma velocity v to- the dgily sum of Kp.

v (km/see) = (8.44 + 0.74) 7 Kp + (330 + 17
They supgested however that Eikb may well be related to some power of the
velocity.

ihen ZKp' = 0, v = 330 km/gec. During the Mariner 2 mission the
geomagnetic field was quiet for & period only ocnce, for 18 hours, Kp remaining
zero. The plasma velocity at this time was between 315 and 360 km/sec.

An extrapolation to Kp = 9 gives a plasma velocity of 938 km/sec.

The average plasma velocity over the four months of the Mariner 2 measurement
was 504 km/sec.

Freliminary IMP-I results give a plasma velocity of 300 to 500 km/sec
and a particle density of 3 to 13 particles /cc (Bridge et al., 1964; lolfe
and Silva, 1964).

~ Snyder et al. (1963) found a series of 27 day recurrent peaks in the
plasna velocity. They attributed these high velocity plasmas to the *M-
regions!?,

There was no strong correlation between the plasma velocity and the
sunspot number or the 10.7 cu radistion flux. No dependence of plasme
valocity on solar distance was found between 1.0 to 0.7 AU where the Mariner

2 gpeasurenent was made.
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Solar wind has been found to be supersonic relative to both sound
waves and Alfven waves. This is inferred from the fact that the thermel
velocity of solar plesma was much less than the bulk velocity, end that the
kinetic energy density for the tulk motion was greater than the magnetic
field energy density (Bonetti et al., 1963).

The IMP-I plasma measurcment by Bridge et al. (1964)indicated that the
Mach number for solar wind was 5 to 6 and occasionally greater.

3. Interplanetary magnetic fields:

Explorer 10 magnetic field measurements by Heppner et al. (1963) show.
that the magnetic field energy outsida the magnetosphere is typically a
factor of 5 to 10 less than the observed plasma energy density, and hence the
magnetic field is carried by the solar wind. Both smwall- end large-scale
variability was observed in the solar wind.

The recent IMP-I magnetometer measurement by Ness et al. (1964) indicates
that the interplanetary magnetic field'is typically a few to 7 gammas and
hes & filamentary structure.

&4, Maeonetoscheric boundary:

By IMP-1 Ness et al. (1964) have made definitive observations of the
magnetopause, the stationary shock front and the transitional region between
them. Their results confirm the formation of a shoék front previously
proposed by Kellogg (1962)and Axford (1962).

| For a collisionless shock the existence of a magnetic field in the
sﬁreaming plesma 18 essential, and the required magnetic field has been
actually observed. ﬁowever. no complete theoretical treatment of a

collisionless shock is as yet available. It is remarkable, however, that
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the observed features show a striking snalogy to an aerodynamical shock.

In the transitional region the magnetic field is irregular; this
characteristic has been observed by Pioneer 1 (Sonett, Smith end Siams,
1560; Sonett, Judge, Sims ond Kelso, 1960); Pioneer 5 (Coleman et al., 1860);
Explorer 12 (Cahill and Amazeen, 1963) and IMP-I (Ness et al., 19G4) all
on the sunlit side. According to the I}P-1 plasma measurement, the
particles are Ehermalized in this transitional region and the velocity
distribution 12:12:€25p1c (Bridge et al., 1964).

According the IMP-1 measurement by Ness et al. (19€4) the position
of the magnectopause on the equatorial plane is about 10 earth-radii in the
subsolar region and the shock front is situated at ebout 13.4 eafth-radii.
Toward the morning meridians the projections of the magnetopause and the
shock front onto the equatorial plane extend to greater distances then in
the noon meridian. Figure 1{ (after Ness et al., l964, unpublished material;
not reproduced in this paper) shows a8 schematic picture of the maznetospheric
boundary, the transitional region and the stationary shock front es observed
by N1P-I. It also shows the direction of the interplanetary magnetic field.

5. Heating of the upper atmosphere by solaxr wind:

To account for the diurnal breathing of the atmosphere Harris and
Priester (1962) sought an energy source for the atmospheric heating in solar
corpuscular radiation. The satellite drag data give evidence for the
existence of some heating mechanism operating in the upper atzmosphere that
derives its energy from éolar wind; namely, the uypervatmosphe{§c temperature
appears to increase with increasing magnetic-activity (Jacchia, 1959; Jecchis,

1963; Jacchie and Slowey,1964).
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Desslexr (1959) proposed an ionOSpherié heating mechanisn by
hydromegnetic waves generated byASQIar vind at the magnetospheric boundary
and propagated through the magnetosphere down to the fonosphere where the
waves are absorbed. lowever, for this process to be solely responsible
for the heating we have to require an almost continuous flow of hydro-
uzgnetic waves of such lerge emplitude as to make it difficult to reconcile
with the fact thst such large amplitude waves have not been detected by
satellite measurements.

Recently, Jacchia and Slowey (1964) have Bhown that such atmoépheric
heating is wore pronounced in the polar regions than in low latitudes.
This suggests that Joule hesting, as suggested by Cole (1962), and
possibly direct heating by precipitating éarticles are important in high
latitudes.

" More work is needed to clarify the problem of the atmospheric heating

by solar wind. '

6. Sudden chanres in solsr wind pressure:

World-wide sudden magnetic changes,in particular, step-function like
sudden level changes of the magnetic field observed on the earth have been
interpreted as due to sudden chenges in solar wind pressure (Nishida and
Jacobs, 1962; Sugiura, Davis and Heppner, 1963). Figure 2 (after Sugiura,
Davis and Heppner, 1963) shows an example of such changes.

With the data from Explorer 12, Nishida and Young (1963) have shown
that these sudden megnetic changes are observed in the magnetosphere and
confirmed the above interpretation. For the sudden impulses examined by

these authors a shock wave structure was not observed in the magnetosphere.
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Sudden commencenents of magnetic storms are also good examples of
such sudden changes of the maénetic field., When the impact of a cloud
of egolar plasma is strong enough the compressional wave produced by the
impact initiates oscillation of the magnetic field lines that are anchored
in high latitudes and crossing the equatorial plane at large geocentric
distances, say, beyond 5 earth-radii.

Figure 3 shows an example of the sudden commencement of & magnetic
storn observed at Honolulu (geomagnetic latitude 21°N) and at Byrd Station
(geomagnetic latitude 71°S) in Antarctica. The change is an approximately
linear increase of the magnetic field at llonolulu, whereas the perturbation
observed at Eyrd Station indicates an oscillaticn of the magnetic field lines.

Very low frequency hydromagnetic waves have been detected in the
nmagnetosphere by Explorer 6 by Judge and Coleman (1962) and by Explorer 12
by Patel and Cahill (1964). These observations are in egrecment with the
model proposed earlier by Sugiura (1961) from a study of conjugate magnetic
records obtained at ground level.-

The theoretical study of the propagation of'hydromagnetic perturbation
in the magnetosphere is still in a rudimentary stage.

7. Mammetic sctivity indices.

Magnetic storm variations consist of two major parts, Dst and DS.
The part Dst includes the initial increase of the magnetic field due to the
compression of the magnétOSphere by an intensified solar plasma and the sub-
secuent large decrease of the field by a ring curxent. The second part,

DS, is mainly due to suroral electrojets.
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Though there have been geveral mechanisms proposed for the generation
of the ring current and auroral electrojets, no definitive observational
evidences exist to substantiate these models.

Kp index describes groas magnetic activity on a global scale.
Phenomenologically, it expresses the degree of magnetic activity mainly due
to polar disturbances.

For some time it has been felt by Chapman and others that it is
desirable to make some index for the ring current intensity available on a
continuous basis. Thus, as a trial, hourly values of equatorial Dst have
been computed for the IGY 1957-8 and for 1961, and a plan is being made by
IAGA to publish such data on a regular basis as Kp. Figure 4 shows a part
of the Dst plots for 1958 (Sugiura, 1963).

Recently, Davis and Sugiura (1964) proposed a planetary index for the
intensity of auroral electrojets;, named AE index. Figure 5 (after Davis
and Sugiura, 1964) shows an example; it refers to a six day period including
the great magnetic storm of February 1ll, 1958. If such indices as Dst and
AE are regularly published the planetary magnetic activity can be described
more fully than . with Kp alone, giving a greater time resolution and more
direct reference to the source of disturbance.

In order to attain an adequate efficiency in deriving these indices
and in making ground magnetic data available to workers in space sciences
much improvement is desired in the existing scheme for data collection from

the observatories all over the world and for data processing.
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.
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TABLE

A summary of solar influences on the geomagnetic field.
FIGURES

After Ness et al., private communication; not reproduced
in this peper.

An example of world-wide sudden megnetic changes dus to
sudden changes in solar wind.  After Sugiure, Davis eand
Heppner, 1963.

The sudden commencement of a magnetic storm observed at
Honolulu and Byrd Station. The record from Byrd Station
suggests a ringing of the magnetic field lines in the
outer regions of the magnetosphere.

The equatorial Dst, representing the intensity of the magnetic
‘field of the ring current observed at the earth's surface.

Auroral electrojet index AE. After Davis and Sugiura, 1964,



- 13 -

Cuestions and Answers:

Dr, Xelloao: I would like to ask whet is probably an elementary

question to those vho are in the business, but it i§ something that
puzzled we for a long time. = When you speak, Dr. Sugiura, of a soler
wind, is this the mean motion of the particles and are they carrying

along magnetic fields? How are these solar winds measured by Mariner II?

Dr. Suriura: The soler wind is the bulk motion of the particles.

Since the magnetic.energy density is less than the kinetic energy density,
the magnetic fields must be carried by the particles. In Meriner 2 the

soler wind was measured by an electrostatic spectrometer.

Col, De Giacomo: In.one of your slides you showed the interplanetary

field as being at sowe angle, not perpendicular to the solar wind but
at scoze skewed engle. 1s there any significance to the measurements

made to determine what was the direction of the msgnetic field?

Pr. Suciure: (Added in proof) The stream lines of the solar wind

meke an angle of about 45 degrees with the sun-earth line at the earth's
orbit because of the garden hose effect due to the rotation of the sun,
though the particle velocity vector is directed approximately radially

cutward from the sun.

Mr. Russak: What is the total composition of the solar intensity of

the heavier component and have any measurements been made of thisg?

Dr. Sugiura: I think that Dr. Snyder indicated the presence of helium,
but 1 do not know of any measurements mede of heavier particles.
1

i
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